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ABSTRACT 
Based on an exper imental  r e s i d e n t i a l  r e t r o f i t  
i ncorpora t ing  thermal  s t o r a g e ,  and e x t e n s i v e  subse- 
quent  modeling, a  commercial des ign  was developed 
and implemented t o  u s e  h o t  thermal  s t o r a g e  t o  s i g n i -  
f i c a n t l y  reduce e l e c t r i c  demand and u t i l i t y  energy 
c o s t s  dur ing  t h e  coo l ing  season a s  w e l l  a s  t h e  heat-  
i n g  season.  
To ach ieve  a i r  c o n d i t i o n i n g  s a v i n g s ,  t h e  system 
s e p a r a t e s  dehumid i f i ca t ion  from s e n s i b l e  coo l ing ;  
dehumidif ies  by d e s i c c a n t  absorp t ion ,  us ing  h e a t  
from s t o r a g e  t o  d r y  t h e  d e s i c c a n t ;  and then  c o o l s  
a t  an  e l e v a t e d  temperature  improving o v e r a l l  system 
e f f i c i e n c y  . 
E f f i c i e n t  h e a t  f o r  d e s i c c a n t  r egenera t ion  is  
provided by a  se l ec t ive -ene rgy  system coupled wi th  
thermal s t o r a g e .  The se lec t ive -ene rgy  system incor -  
pora tes  d i e s e l  cogenerat ion.  s o l a r  energy and o f f -  
peak e l e c t r i c  r e s i s t a n c e  hea t ing .  
Est imated energy and f i r s t  c o s t  sav ings .  a s  
compared wi th  a n  a l l - e l e c t r i c  VAV HVAC system, a r e :  
30 t o  50% i n  ductwork s i z e  and c o s t ;  30% i n  f a n  
energy; 25% i n  a i r  hand l ing  equipment; 20 t o  40% i n  
u t i l i t y  energy f o r  r e f r i g e r a t i o n ;  10 t o  20% i n  r e -  
f r i g e r a t i o n  equipment; and space  sav ings  due t o  
smal l e r  ductwork and equipment. 
INTRODUCTION 
Based on an exper imental  r e s i d e n t i a l  r e t r o f i t  
i n c o r p o r a t i n g  thermal  s t o r a g e ,  and e x t e n s i v e  subse- 
quent  modeling, a  commercial des ign  was developed 
and implemented t o  u s e  h o t  thermal  s t o r a g e  t o  s i g n i -  
f i c a n t l y  reduce e l e c t r i c  demand and u t i l i t y  energy 
c o s t s  dur ing  t h e  c o o l i n g  season a s  w e l l  a s  t h e  hea t -  
i n g  season.  Described i n  t h i s  paper  a r e  t h e  exper i -  
mental  r e t r o f i t  and moni tor ing program d a t a ,  a s  w e l l  
a s  t h e  commercial sys tem developed f o r  a  h i s t o r i c  
Pennsylvania cour thouse and t h e  a d j o i n i n g  new wing 
wi th  t h e  fo l lowing  goa l s :  (1) Improving t h e  o v e r a l l  
thermodynamic e f f i c i e n c y  of b u i l d i n g  systems incor -  
pora t ing  ho t  water  thermal  s t o r a g e ;  (-2) u t i l i z i n g  
hot  thermal s t o r a g e  t o  ach ieve  s u b s t a n t i a l  s av ings  
throughout t h e  y e a r ,  n o t  j u s t  i n  w i n t e r ;  and (3) 
thereby i n c r e a s i n g  t h e  p r o d u c t i v i t y  of h o t  thermal  
s t o r a g e  systems f o r  commercial f a c i l i t i e s ,  
To ach ieve  a i r  c o n d i t i o n i n g  savfngs ,  t h e  cour t -  
house system s e p a r a t e s  dehumid i f i ca t ion  from s e n s i -  
b l e  coo l ing ;  dehumid i f i e s  by d e s i c c a n t  a b s o r p t i o n ,  
us ing hea t  from s t o r a g e  t o  d r y  t h e  d e s i c c a n t ;  and 
then,  not  needing t o  c h i l l  t o  t h e  condensat ion dew 
p o i n t ,  coo l s  a t  an  e l e v a t e d  temperature  improving 
o v e r a l l  system e f f i c i e n c y .  Summer s a v i n g s  i n  u t i l i -  
t y  c o s t s  f o r  r e f r i g e r a t i o n  a r e  based on two f a c t o r s :  
t h e  d i r e c t  r e d u c t i o n  r e s u l t i n g  from removal of l a t e n t  
cooling/dehumidification from t h e  r e f r i g e r a t i o n  load ;  
and an i n c r e a s e  i n  t h e  coo l ing  c o e f f i c i e n t  of per- 
formance (COP) due t o  higher- temperature  s e n s i b l e  
coo l ing .  
To b e  c o s t - e f f e c t i v e ,  t h e  HVAC system r e q u i r e s  
a n  e f f i c i e n t  s o u r c e  of h e a t  f o r  d e s i c c a n t  regenera-  
t i o n .  T h i s  i s  provided by a  se l ec t ive -ene rgy  system 
coupled wi th  h o t  wa te r  thermal  s t o r a g e .  The s e l e c -  
t ive-energy system i n c o r p o r a t e s  d i e s e l  cogenera t ion ,  
s o l a r  energy and off-peak e l e c t r i c  r e s i s t a n c e  heat-  
ing .  The system is  o p e r a t i o n a l  excep t  f o r  t h e  s o l a r  
subsystem, which is c u r r e n t l y  be ing  added. The next  
and f i n a l  planned a d d i t i o n  i s  a computer-based energy 
management system (EMS) t o  a u t o m a t i c a l l y  s h i f t  among 
energy s o u r c e s  based on weather  d a t a ,  occupancy re- 
quirements  and u t i l i t y  r a t e  s t r u c t u r e ,  t o  minimize 
u t i l i t y  energy c o s t s .  C u r r e n t l y  t h e  s e l e c t i o n s  a r e  
done manually.  
When t h e  computer-based EMS is i n s t a l l e d ,  a  
moni tor ing system w i l l  b e  implemented t o  g a t h e r  de- 
t a i l e d  d a t a  on a c t u a l  energy consumption and c o s t s .  
Based on d e s i g n  a n a l y s e s ,  i t  i s  es t ima ted  t h a t  t h e  
system w i l l  s ave  i n  t h e  o r d e r  o f  60% i n  annual  energy 
o p e r a t i n g  c o s t s ,  compared wi th  an  a l l - e l e c t r i c  VAV 
(var iable-a i r -volume)  a i r  c o n d i t i o n i n g  system. A s  t o  
t h e  f i r s t  c o s t ,  t h e  payback pe r iod  f o r  t h e  e n t i r e  
system, i n c l u d i n g  t h e  s o l a r  and EMS subsystems, i s  
f i v e  y e a r s .  The c o s t  o f  t h e  system i n  a  new f a c i l i t y  
would b e  comparable t o  o r  l e s s  than  t h e  c o s t  o f  an  
a l l - e l e c t r i c  VAV system. 
Reported from t h e  r e s i d e n t i a l  moni tor ing program 
a r e  metered d a t a  on t h e  s e a s o n a l  and onfoff-peak 
demand p r o f i l e ,  a s  w e l l  a s  comparat ive  d a t a  on b i l l -  
i n g s  based on before-and-af ter  r a t e s  ( s t andard  
v e r s u s  time-of-day). With t h e  a d d i t i o n  of thermal  
s t o r a g e  t h e  d a y l n i g h t  demand d i s t r i b u t i o n  was s h i f t e d  
from 50150 b e f o r e  t h e  r e t r o f i t  t o  20180 ( i n  w i n t e r )  
a f t e r  t h e  r e t r o f i t .  Savings  i n  u t i l i t y  b i l l i n g s  
were 24% i n  w i n t e r .  12% i n  summer. and 21% on an  
annual  b a s i s ,  Th i s  d a t a  prompted t h e  modeling and 
d e s l g n  e f f o r t  afmed a t  achfev ing  s i m i l a r  sav ings  i n  
summer, which produced t h e  commercial sys tem f o r  t h e  
cour thouse.  
THERMAL STORAGE I N  ENERGY-INTEG- 
SYSTEM 
I n  o r d e r  t o  minimize energy c o s t s  a t  t h e  Monroe 
County Court  House i n  Stroudsburg,  Pennsylvania ,  a n  
ene rgy- in teg ra ted  HVAC system (Fig.  1 )  r ep laced  an  
o ld  steam h e a t i n g  system f o r  t h e  1 9 t h  c e n t u r y  cour t -  
house and i t s  a d j o i n i n g  new wing. The th ree - s to ry ,  
r e i n f o r c e d  concre te  s t r u c t u r e  c o n t a i n s  o f f i c e  space ,  
courtrooms, judges '  chambers and h e a r i n g  rooms. The 
f a c i l i t y  t o t a l s  110.230 sq  f t ,  w i th  77,580 i n  t h e  old  
cour thouse and 32,650 i n  t h e  a d d i t i o n .  
Heat is used i n  p l a c e  of r e f r i g e r a t i o n  t o  ener-  
g i z e  l a t e n t  cooling/dehumtdification. This  i s  made 
p o s s i b l e  by s h i f t f n g  t h e  d e h u m i d i f k a t t o n  t a s k  t o  a  
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Fig .  1 Energy- integra ted commercial HVAC system i n  which h o t  wa te r  t he rma l  s t o r a g e  s u p p o r t s  
both  summer c o o l i n g  and w h t e r  h e a t i n g  
o u t  moi s tu re .  mois ture-absorbing d e s i c c a n t  which r e q u i r e s  h e a t  f o r  
d e s i c c a n t  r e g e n e r a t i o n .  
SELECTIVE-ENERGY SYSTEM AND THERMAL STORAGE 
Heat is provided by a  se l ec t ive -ene rgy  sys tem 
whose e f f i c i e n c y  and f l e x i b i l i t y  is  fnc reased  by u s e  
of  an  8,000-gallon thermal  s t o r a g e  t ank  t h a t  i s  
ma in ta ined  a t  150-180°F. The s t o r a g e  t ank  is h e a t e d  
a t  n i g h t  by e l e c t r i c  r e s i s t a n c e  h e a t e r s ,  t o  t a k e  ad- 
van tage  of off-peak u t i l i t y  r a t e s ,  and d u r i n g  t h e  
day by s o l a r  energy (now be ing  added) and back-up 
h e a t  from a  175-kw d i e s e l  cogene ra t ion  system. Both 
t h e  cogene ra to r  and t h e  s o l a r  system reduce  e l e c t r i c  
demand, and t h e  e l e c t r i c  h e a t e r s  s h i f t  demand o f f -  
peak. 
With t h e  a d d i t i o n  of t h e  s o l a r  c o l l e c t o r s ,  
which w i l l  p rov ide  abou t  35% of  t h e  t o t a l  h e a t  re- 
qu i red  f o r  r e g e n e r a t i o n ,  t h e  c o g e n e r a t i o n  sys tem 
w i l l  be  used o n l y  on c loudy d a y s  and when humidi ty  
exceeds  d e s i g n  l e v e l s .  When i t  o p e r a t e s  t o  p r o v i d e  
r e g e n e r a t i o n  h e a t ,  t h e  sys tem s imul t aneous ly  gener-  
a t e s  e l e c t r i c i t y  t o  power s e n s i b l e  coo l ing .  Cogener- 
a t i o n  r educes  t h e  c o l l e c t o r  a r e a  requirement  and 
a l s o  p rov ides  s t andby  power f o r  u s e  d u r i n g  u t i l i t y  
power ou tages .  
Located i n  a  c e n t r a l  p l a n t  a r e  t h e  the rma l  s t o r -  
age ,  d i e s e l  cogene ra t ion  and d e s i c c a n t  dehumidif ica-  
t i o n  sys tems.  A l l  s e n s i b l e  c o o l i n g  and h e a t i n g  a r e  
done a t  t e r m i n a l  u n i t a r y  h e a t  pumps, which o p e r a t e  
a t  an  e f f i c i e n t  55OF e v a p o r a t i v e  t empera tu re  s i n c e  
t h e r e  is  no requirement  t o  c h i l l  deep ly  t o  condense 
The thermal  s t o r a g e  t a n k  s e r v e s  a s  a  h e a t  ' 
s o u r c e  f o r  t h e  u n i t a r y  h e a t  pump sys tem i n  wintek 
and f o r  t h e  d e s i c c a n t  sys tem i n  summer. S t o r a g e  
p r o v i d e s  h e a t  t o  t h e  t e r m i n a l  u n i t a r y  h e a t  p u m p s v i a  
a  c losed- loop w a t e r  sys tem which l i n k s  t h e  h e a t  
pumps and which h a s  i t s  own 3,000-gal lon closed-I 
l oop  s t o r a g e  tank.  I 
UNITARY HEAT PUMPS AND THERMAL STORAGE I 
Terminal  u n i t a r y  h e a t  pumps l i n k e d  t o  thermel  
s t o r a g e  t anks  and t o  t h e  c o o l i n g  tower a r e  used i n  
both  a p p l i c a t i o n s  d e s c r i b e d  i n  t h i s  paper .  Un i t a ry  
h e a t  pumps a r e  s m a l l ,  t e r m i n a l  r eve r se -cyc le  a i r  
c o n d i t i o n e r s  which r e c i r c u l a t e  a i r  l o c a l l y  and h e a t  
o r  c o o l  a s  needed. They have a  se l f - con ta ined  hea t -  
i n g  and c o o l i n g  c a p a b i l i t y  due t o  a  r e v e r s i n g  v a l v e  
t h a t  r e g u l a t e s  t h e  f l o w  of  h o t  and co ld  r e f r i g e r a n t  
gas .  I 
When d e h u m i d i f i c a t i o n  i s  by condensa t ion ,  a  
c e n t r a l  r e f r i g e r a t i o n  p l a n t  i s  more e f f i c i e n t  t h a n  
t e r m i n a l  u n i t a r y  h e a t  pumps. However, when dehumid- 
i f i c a t i o n  i s  by d e s i c c a n t  a b s o r p t i o n  and t h e  h e a t  
pumps can o p e r a t e  a t  a  h i g h e r ,  d r y - c o i l  t empera tu re ,  
t h e i r  o v e r a l l  e f f i c i e n c y  increases s i g n i f i c a n t l y .  
When u n i t a r y  h e a t  pumps a r e  combined w i t h  d e s i c c a n t  
d e h u m i d i f i c a t i o n ,  t h e  c o o l i n g  mode COP of t h e  uni-  
t a r y  h e a t  pumps i n c r e a s e s  by abou t  25%. 
The t e r m i n a l  h e a t  pumps a r e  j o i n e d  by a  clo$ed 
w a t e r  l oop ;  some can be  i n  a  h e a t i n g  mode w h i l e ,  
o t h e r s  a r e  c o o l i n g  o r  o f f .  An example f s  a  w i n t e r  
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day when s o l a r  g a i n s  through south-facing windows 
r e q u i r e  h e a t  removal,  w h i l e  n o r t h  w a l l  l o s s e s  r e q u i r e  
hea t ing .  I n  t h i s  c a s e  h e a t  i s  s imul t aneous ly  added t o  
and drawn from t h e  water  loop by d i f f e r e n t  u n i t a r y  
hea t  pumps. 
When t h e  t empera tu re  of t h e  wa te r  l oop  d rops  be- 
low 7O0F, i t  draws h e a t  from t h e  s o l a r  system o r  t h e  
h igh- temperature  s t o r a g e  tank.  When t h e  temperature  
of t h e  water  l oop  r i s e s  above t h e  upper l i m i t  (80- 
90DF). h e a t  i s  r e j e c t e d  v i a  t h e  c o o l i n g  tower.  
With a  u n i t a r y  h e a t  pump sys tem,  t h e r e  i s  no 
need f o r  bo th  h o t  and c h i l l e d  wa te r  p ip ing .  Addi- 
t i o n a l  s a v i n g s  i n  p i p e  and s p a c e  a r e  o b t a i n e d  by 
u s i n g  t h e  r e t u r n  s i d e  of t h e  sys t em ' s  wa te r  loop a s  
t h e  f i r e  s p r i n k l e r  system. 
DESICCANT DEHUMIDIFICATION SUBSYSTEM 
The d e s i c c a n t  subsystem i n c l u d e s  two chambers: 
a  c o n d i t i o n e r  (dehumid i f i e r )  and a  d e s i c c a n t  regen- 
e r a t o r  ( c o n c e n t r a t o r ) .  The d e s i c c a n t  used i n  t h i s  
system i s  t h e  l i q u i d  d e s i c c a n t  l i t h i u m  c h l o r i d e ,  
which i s  a  non- toxic ,  non-corros ive ,  b a c t e r i c i d a l  
a n t i f r e e z e  s o l u t i o n  o f t e n  used i n  h o s p i t a l s .  
Ou t s ide  a i r  p a s s e s  through t h e  c o n d i t i o n e r  
where moi s tu re  i s  absorbed by a  s p r a y  of c o o l  d e s i c -  
c a n t .  The mois ture- laden d e s i c c a n t  c y c l e s  t o  t h e  
r e g e n e r a t o r  t o  be  d r i e d  o r  r econcen t ra t ed  f o r  re-use.  
The d e s i c c a n t  i s  heated and sprayed i n t o  t h e  
r e g e n e r a t o r ,  where moi s tu re  i s  removed i n  a  warm, 
dry ,  exhaust  a i r  s t r eam p a s s i n g  through t h e  chamber. 
(Heat i n  t h e  e x i t i n g  a i r  s t r eam is  recovered and 
used t o  p rehea t  t h e  a i r  e n t e r i n g  t h e  r e g e n e r a t o r ) .  
The a i r  i s  d r i e d  t o  3 1  g r a i n s l l b  ( g r a i n s  of moi s tu re  
p e r  pound o f  d r y  a i r ) .  
Th i s  p rocess  r e q u i r e s  c o o l i n g  i n  t h e  c o n d i t i o n e r  
and h e a t i n g  i n  t h e  r e g e n e r a t o r .  Nonre f r ige ra t ed  
c o o l i n g  tower wa te r  p rov ides  t h e  c o o l i n g ,  which i s  
needed t o  remove l a t e n t  h e a t  r e l e a s e d  by t h e  moist-  
u r e  abso rp t ion  p rocess .  Heat f o r  r e g e n e r a t i o n ,  a s  
desc r ibed  p r e v i o u s l y ,  comes from t h e  s e l e c t i v e -  
energy system whose energy s o u r c e s  a r e  f u e l  f o r  t h e  
cogene ra to r ,  s o l a r  energy,  and off -peak e l e c t r i c i t y .  
AIR DISTRIBUTION IN DESICCANT/TERMINAL COOLING 
SYSTEM 
The minimum q u a n t i t y  of o u t s i d e  a i r  r equ i red  f o r  
v e n t i l a t i o n  i s  d i s t r i b u t e d  a t  a  c o n s t a n t  volume from 
t h e  c e n t r a l  p l a n t  t o  t e r m i n a l  u n i t a r y  h e a t  pumps. 
Th i s  minimum a i r  d i s t r i b u t i o n  is  p r a c t i c a l  when a  
d e s i c c a n t  i s  used,  a s  i t  is  n o t  i n  conven t iona l  sys-  
tems, s i n c e  t h e  a i r  i s  d r i e r  and t h e  v e n t i l a t i o n  
q u a n t i t y  is  adequa te  t o  hand le  t h e  s p a c e  humidi ty  
load .  
The u n i t a r y  h e a t  pumps mix t h e  d ry  a i r  w i t h  a  
c o n s t a n t  volume of  l o c a l l y  r e c i r c u l a t e d  a i r ,  c o o l  
t h e  a i r  s e n s i b l y  and supp ly  i t  i n  a  c o n s t a n t  volume 
t o  t h e  rooms. The c o n s t a n t  f low ma in ta ins  uniform 
a i r  f low p a t t e r n s  and v e n t i l a t i o n  t o  ma in ta in  h e a l t h -  
f u l  a i r  q u a l i t y  throughout  t h e  occupied spaces .  
SAVINGS 
Based on des ign  a n a l y s e s  and e x p e r i e n c e  i n  i m -  
plementing s i m i l a r  sys tems,  i t  is  es t ima ted  t h a t  
energy and f i r s t  c o s t  s a v i n g s  from t h e  d e s i c c a n t /  
s e l ec t ive -ene rgy  sys tem,  a s  compared w i t h  an  a l l -  
e l e c t r i c  VAV WAC system,  a r e  a s  fo l lows :  ( 1 )  a  
s a v i n g s  of 30 t o  50% i n  ductwork s i z e  and c o s t ,  de- 
pending on b u i l d i n g  s i z e  and l a y o u t  (based on d i s -  
t r i b u t i o n  of  on ly  o u t s i d e  a i r  from t h e  c e n t r a l  
p l a n t ) ;  (2)  a  n e t  s a v i n g s  of 30% i n  f an  energy;  
(3)  a  n e t  s a v i n g s  of 25% i n  a i r  hand l ing  equipment 
( c e n t r a l / t e r m i n a l  c o s t s ) ;  (4)  a  s a v i n g s  o f  20 t o  
40% i n  u t i l i t y  energy f o r  r e f r i g e r a t i o n  (based on 
removing d e h u m i d i f i c a t i o n  from t h e  r e f r i g e r a t i o n  
system and improving t h e  c o o l i n g  COP due t o  h igher-  
t empera tu re  s e n s i b l e  c o o l i n g ) ;  (5 )  a  s a v i n g s  o f  1 0  
t o  20% i n  r e f r i g e r a t i o n  equipment,  based on s m a l l e r  
equipment due t o  reduced load and more e f f i c i e n t  
hand l ing  of  t h e  r e m a h i n g  load ;  (6 )  a  s a v i n g s  i n  
space  due t o  s m a l l e r  ductwork and equipment: l e s s  
space  i s  needed f o r  a  mechanical  equipment room, 
v e r t i c a l  s h a f t s  and f l o o r - c e l l i n g  space  between 
occupied f l o o r s .  
THERMAL STORAGE I N  EXPERIMENTAL RESIDENTIAL RETROFIT 
I n  an  a l l - e l e c t r i c  r e s i d e n t i a l  r e t r o f i t  i n  
S t roudsburg ,  Pennsy lvan ia ,  thermal  s t o r a g e  was t h e  
key t o  s h i f t i n g  a  r e s i s t a n c e  h o t  wa te r  b o i l e r  from 
24-hour, as-needed o p e r a t i o n  t o  n ight-only ,  as-  
needed o p e r a t i o n ,  s i g n i f i c a n t l y  r educ ing  u t i l i t y  
peak demand and t a k i n g  advantage of off -peak r a t e s .  
(See  Fig .  2  f o r  sys tem diagram.)  
O v e r a l l ,  u t i l i t y  demand was s h i f t e d  from 50% 
off-peak t o  80% off-peak i n  w i n t e r ,  w t t h  a  75% 
annual  off-peak ave rage ,  Tab le  1 summarizes t h e  
e l e c t r i c  u t i l i t y  b i l l i n g  d a t a  f o r  t h e  f i r s t  f u l l  
y e a r  of t h e  r e t r o f i t  (1982).  I t  compares on- and 
off -peak k i l o w a t t  hour s  throughout  t h e  y e a r ,  and 
c o n t r a s t s  u t i l i t y  b i l l i n g s  based on t h e  now- 
a p p l i c a b l e  time-of-day r a t e  w i t h  t h e  s t a n d a r d - r a t e  
b i l l i n g s  t h a t  would a p p l y  w i t h o u t  t h e  off -peaking 
r e t r o f i t .  The comparison i s  v a l i d  because  t o t a l  
demand i s  e s s e n t i a l l y  unchanged. Savings  f o r  t h e  
y e a r  t o t a l e d  $2,700 o r  21% -- 24% f o r  w i n t e r  months 
on ly ,  and 12% f o r  summer. 
The r e t r o f i t  was under taken by t h e  owner s p e c i -  
f i c a l l y  t o  r educe  h i g h  u t i l i t y  c o s t s .  The r e s i d e n c e  
has  a  u n i t a r y  h e a t  pump sys tem connected t o  t h e  r e -  
s i s t a n c e  b o i l e r ,  which o p e r a t e d  whenever t h e  h e a t  
pump system r e q u i r e d  hea t .  The s o l u t i o n  used e x i s t -  
i n g  subsystems -- t h e  h e a t  pumps, t h e  b o i l e r ,  and a  
swimming poo l  -- and i n t e r f a c e d  them i n  a  new way 
f o r  t h e  s p e c i f i c  purpose  of s h i f t i n g  u t i l i t y  demand 
t o  off -peak hours .  
The b o i l e r  was d i sconnec ted  from t h e  h e a t  pumps. 
It was connected i n s t e a d  v i a  a  h e a t  exchanger t o  
t h e  75,000-gallon swimming poo l .  The swimming poo l  
became a  the rma l  s t o r a g e  t ank  which is  h e l d  a t  70- 
80DF w i t h  no d e t r i m e n t  t o  i t s  r e c r e a t i o n a l  f u n c t i o n .  
The p o o l / s t o r a g e  t ank  s e r v e s  a s  a  h e a t  s o u r c e  f o r  
t h e  c losed  wa te r  loop t h a t  l i n k s  t h e  t e r m i n a l  h e a t  
pumps. The h e a t  pumps draw h e a t  from o r  r e j e c t  h e a t  
t o  t h e  c l o s e d  w a t e r  l oop  a s  they  e i t h e r  h e a t  o r  c o o l  
t h e i r  r e s p e c t i v e  spaces .  The w a t e r  loop i n t e g r a t e s  
t h e s e  demands and, a s  n e c e s s a r y ,  draws h e a t  from t h e  
p o o l  o r  r e j e c t s  h e a t  t o  t h e  a tmosphere  v i a  t h e  cool-  
i n g  tower.  
I n  w i n t e r  a  b l a c k  poo l  cover  a c t s  a s  a  s o l a r  
abso rbe r  du r ing  t h e  day. s o  t h a t  on a  24-hour b a s i s  
t h e r e  is  no n e t  l o s s  from t h e  p o o l  s u r f a c e .  The 
e l e c t r i c  r e s i s t a n c e  b o i l e r  o p e r a t e s  a t  n i g h t ,  when 
needed, t o  ma in ta in  a  c o n s t a n t  poo l  t empera tu re .  
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Fig.  2 R e s i d e n t i a l  r e t r o f i t  l i n k i n g  an e x i s t i n g  swimming pool ,  e l e c t r i c  b o i l e r  and 
u n i t a r y  h e a t  pump system. Using t h e  poo l  a s  a thermal  s t o r a g e  t ank  pe rmi t t ed  n igh t -  
only  o p e r a t i o n  of t h e  e l e c t r i c  b o i l e r  h e a t  source .  
E l e c t r i c  U t i l i t y  B i l l i n g  Data 
Vosko Residence,  S t roudsburg ,  PA 
Per iod Ki lowat t  Hours Monthly E l e c t r i c  B i l l i n g  Data T o t a l  On- Off- % Off- @ Time-of- @ Standard Savings  from 
From To Days T o t a l  Peak Peak Peak Day  ate*   ate*" Time-of-Day R a t e  
12 /9 /81  2/1/82 54 42.960 7,680 35,280 82% $ 2 , 3 8 3  $ 3,328 $ 945 
2/1/82 3/3/82 30 24,720 4.480 20,240 82 1 ,495 1 ,908  413 
3/3/82 4/1/82 29 17 ,280  3,200 14,080 8 1  1 , 0 5 1  1 ,348 29 7 
4/1/82 5/3/82 32 13 ,760  3,200 10.560 77 874 1 ,100 226 
5/3/82 6/2/82 30 8,320 3,280 5.040 77 607 701 9 4 
6/2/82 7/1/82 29 9,760 3,840 5 ,920 61 7 11 807 9 6 
7/1/82 8/2/82 32 11.760 5,200 6 ,560 56 856 916 60 
8/2/82 8/31/82 29 8,000 2.720 5.280 66 540 652 112 
8/31/82 9130182 30 9.440 3,680 5,760 61  662 753 9 1  
9130182 10/29/82 29 7,840 2,160 5 ,680 72 502 64 1 139 
10/29/82 12 /1 /82  33 12,960 2,640 10,320 80 772 1 ,000  228 
Year 
Tocals  357 166.800 42.080 124,720 75% $10,453 $13,154 $2,701 
Winter 
T o t a l s  207 119,520 23,360 96,160 80% $ 7,077 $ 9,325 $2,248 
Source: Data from Met ropo l i t an  Edison Company, Reading, Pennsylvania .  
Note: R e t r o f i t  of t h e  Vosko r e s i d e n c e  used thermal  s t o r a g e  t o  s h i f t  u t i l i t y  demand from 50% off-peak t o  80% 
off-peak i n  win te r  (75% off-peak on annua l  b a s i s ) .  As a r e s u l t ,  time-of-day u t i l i t y  r a t e s  reduced u t i l i t y  
c o s t s  by 24% i n  w i n t e r  (21% on annual  b a s i s ) .  T o t a l  demand remained e f f e c t i v e l y  c o n s t a n t .  
*Time-of-Day Rate: 3 . 5 ~ / k w h  off-peak (8PM-RAM): 8 . 8 ~ / k w h  on-peak (8AM-8PM). 
**Standard Rate:  5.6c/kwh f l a t  r a t e ,  p l u s  a monthly demand charge which i n  t h i s  c a s e  i s  approx. $84/month. 
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CONCLUSION 
The s p r e a d  and accep tance  of t he rma l  s t o r a g e  
t echn iques  depend l a r g e l y  upon two f a c t o r s :  demon- 
s t r a t e d  c o s t - e f f e c t i v e n e s s  and t h e  know-how t o  du- 
p l i c a t e  i t .  The development work r e p o r t e d  h e r e  dem- 
o n s t r a t e s  t h a t  i t  i s  p r a c t i c a l  t o  a c h i e v e  s u b s t a n t i a l  
r e d u c t i o n s  i n  peak e l e c t r i c  demand, f o r  summer a i r  
c o n d i t i o n i n g  a s  w e l l  a s  w i n t e r  h e a t i n g ,  by u s i n g  an  
ene rgy - in t eg ra t ed  sys t ems  des ign  approach t h a t  i n ?  
c o r p o r a t e s  h o t  t he rma l  s t o r a g e ,  d e s i c c a n t  dehumidi- 
f i c a t i o n ,  and a s e l e c t i v e - e n e r g y  system. U t i l i t i e s  
can be  expected  i n c r e a s i n g l y  t o  p rov ide  cos t - sha r ing  
s u p p o r t  f o r  thermal  s t o r a g e  sys tems w i t h  a  demon- 
s t r a t e d  c a p a b i l i t y  o f  r educ ing  peak e l e c t r i c  demand 
year-round. Such s u p p o r t  i s  cheaper  f o r  t h e  u t i l i -  
t i e s  t h a n  fo rego ing  t h e  s a v i n g s  and adding new e l e c -  
t r i c  g e n e r a t i n g  c a p a c i t y .  
Based on t h e  e x p e r i e n c e  r e p o r t e d  h e r e ,  a  sys tem 
is c u r r e n t l y  under  d e s i g n  f o r  a  commercial  f a c i l i t y  
t h a t  w i l l  coup le  h o t  and c o l d  the rma l  s t o r a g e  w i t h  
24-hour c o g e n e r a t i o n  o p e r a t i o n  t o  p rov ide  100% of  
t h e  a i r  c o n d i t i o n i n g  r equ i r emen t  f o r  t h e  12-hour day. 
The c o g e n e r a t i o n  w i l l  p r o v i d e  h e a t  f o r  d e s i c c a n t  r e -  
g e n e r a t i o n  and w i l l  p rov ide  c o o l i n g  a s  fo l lows :  50% 
v i a  i c e  s t o r a g e  and 50% v i a  a b s o r p t i o n  c h i l l e r .  
Dur ing n i g h t  o p e r a t i o n ,  cogene ra t ed  h e a t  w i l l  regen- 
e r a t e  t h e  d e s i c c a n t  w h i l e  cogene ra t ed  e l e c t r i c i t y  
c r e a t e s  i c e .  Dur ing day o p e r a t i o n ,  cogene ra t ed  h e a t  
w i l l  r un  an  a b s o r p t i o n  c h i l l e r  w h i l e  cogene ra t ed  
e l e c t r i c i t y  r u n s  f a n s ,  pumps and l i g h t s .  
I n  t h i s  new sys tem,  c o n d i t i o n i n g  and a i r  d i s t r i -  
b u t i o n  a r e  a s  fo l lows :  O u t s i d e  v e n t i l a t i o n  a i r  i s  
dehumid i f i ed  i n  a  c e n t r a l  d e s i c c a n t  c o n d i t i o n e r ,  
t hen  mixed w i t h  some r e c i r c u l a t e d  a i r .  The a i r  i s  
cooled  i n  two s t a g e s ,  f i r s t  w i t h  55'F c h i l l e d  w a t e r  
from t h e  a b s o r p t i o n  c h i l l e r ,  t hen  w i t h  36OF c h i l l e d  
w a t e r  from i c e  s t o r a g e .  The v e r y  c o l d  pr imary a i r  
(42°F) i s  d i s t r i b u t e d  a t  v a r i a b l e  volume t o  f a n  i n -  
d u c t i o n  t e r m i n a l s .  Because t h e  a i r  is  v e r y  c o l d ,  
t h e  q u a n t i t y  r e q u i r e d  is  a b o u t  50% less than  t h e  
q u a n t i t y  u s u a l l y  d i s t r i b u t e d  i n  an a l l - e l e c t r i c  VAV 
system. Te rmina l s  mix t h e  pr imary a i r  w i t h  l o c a l l y  
r e c i r c u l a t e d  a i r  and supp ly  t h e  a i r  a t  a  c o n s t a n t  
volume t o  t h e  occupied  s p a c e s ,  t o  m a i n t a i n  a  uni form 
a i r  f l ow p a t t e r n  f o r  uni form v e n t i l a t i o n .  
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